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$/7$67 LQVHUXP
ZHUH SHUIRUPHG DV GHVFULEHG HDUOLHU >@ ,PPXQRORFDOLVDWLRQ
RI,/ZDVSHUIRUPHGE\LPPXQRKLVWRFKHPLFDOVWDLQLQJXVLQJ
SULPDU\ DQWLERG\ JRDW ,J* DQWLPRXVH,/ 5	' 6\VWHPV
DQG VHFRQGDU\ +53FRQMXJDWHG UDEELW DQWLJRDW DQWLERG\
'DNR 86$ IROORZHG E\ KHPDWR[\OLQ FRXQWHUVWDLQLQJ LQ
9HQWDQDPDFKLQH9HQWDQD0HGLFDO6\VWHPV ,QF86$7KH
FRXQWLQJ RI ,/ SRVLWLYH KHSDWRF\WHV ZDV FDUULHG LQ DW OHDVW
 GLIIHUHQW PLFURVFRSLF ILHOGV FRUUHVSRQGLQJ WR  PP
VXUIDFH DUHD E\ XVLQJ LPDJH DQDO\VLV VRIWZDUH &RPSL[ ,QF
+$0$0$768FRPSDQ\-DSDQDVSUHYLRXVO\GHVFULEHG>@
51$LVRODWLRQDQG57T3&5
7KHSURWRFRODQGFRQGLWLRQVIRU51$H[WUDFWLRQ573&5DQG
T3&5ZHUHVLPLODUDV UHSRUWHGHDUOLHUE\RXU ODERUDWRU\XVLQJ
VSHFLILFSULPHUVIRU6 ,/ ,/ ,/ȕ ,)1ȕ ,)1Ȗ71)Į
DQG&;&/>@)RUWKHTXDQWLILFDWLRQRIYLUDOQXFOHRFDSVLG
WKH IROORZLQJ SULPHU VHW ZDV XVHG ¶
7**$$**7&7*&$&&7*&7$¶ IRUZDUG ¶
777**&&&$&***$77*¶ UHYHUVH 7KH UHODWLYH JHQH
H[SUHVVLRQZDVQRUPDOL]HGDJDLQVW6JHQHH[SUHVVLRQ7KH
FRQWUROPLFHLQHDFKWUHDWPHQWJURXSVHUYHGDVDUHIHUHQFHIRU
P51$H[SUHVVLRQFRQWUROP51$OHYHOZDVDUELWUDULO\WDNHQDV

0RXVH+HSDWLWLV9LUXVRU3RO\,&,QGXFH,/
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6WDWLVWLFDODQDO\VLV
7KH UHVXOWV DUH UHSUHVHQWDWLYH RI WKUHH LQGHSHQGHQW
H[SHULPHQWVDQGH[SUHVVHGDVPHDQV6(00DQQ:KLWQH\8
WHVWZDVXVHGIRUFRPSDULVRQRIFRQWUROJURXSSDUDPHWHUVZLWK
WUHDWPHQWJURXSDQGPXOWLSOHJURXSDQDO\VLVZDVHYDOXDWHGE\
RQHZD\ $129$ ZLWK SRVW 0DQQ:KLWQH\ 8 WHVW XVLQJ
*UDSK3DG 3ULVP VRIWZDUH )RU DOO VWDWLVWLFDO DQDO\VHV S
YDOXHVZHUHFRQVLGHUHGVLJQLILFDQW
5HVXOWV
3RO\,&DGPLQLVWUDWLRQLQGXFHGDFXWHOLYHULQMXU\LQ
PLFHZLWKH[SUHVVLRQRI,/LQOLYHU
:KLOH WKH FHOOXODU VRXUFH RI ,/ LQ YLUDO OLYHU SDWKRORJ\ LV
SRRUO\NQRZQ LQDPRXVHPRGHOZH ILUVWDLPHG WR LQYHVWLJDWH
WKH H[SUHVVLRQ DQG FHOOXODU VRXUFHV RI ,/ LQ D 3RO\,&
LQGXFHGDFXWHKHSDWLWLV7KHDGPLQLVWUDWLRQRI3RO\,&LQGXFHG
PRGHUDWH OLYHU LQMXU\FRPSDUHG WR3%6WUHDWHGPLFHDWKDV
HYLGHQWIURPVHUXP$67$/7OHYHOV)LJXUH$+RZHYHUWKH
SUHVHQVLWL]DWLRQRIPLFHZLWK'JDODFWRVDPLQH'*DO1OHGWR
3RO\,&LQGXFHG VHYHUH OLYHU LQMXU\ LQ PLFH ZLWK HOHYDWHG
VHUXP $67$/7 OHYHOV DW K LQ FRPSDULVRQ WR '*DO1 DORQH
WUHDWPHQW)LJXUH$7KHPLFHWUHDWHGZLWKFRPELQDWLRQRI'
*DO13RO\,&GLHGHDUOLHUZLWKLQKFRPSDUHG WR'*DO1RU
3RO\,&DORQHWUHDWHGPLFH)LJXUH6WKHUHIRUHZHXVHGK
WLPHSRLQWLQWKLVVWXG\7KHP51$H[SUHVVLRQRI,/LQOLYHU
ZDVQRWVLJQLILFDQWO\LQFUHDVHGLQ3RO\,&RU'*DO13RO\,&
WUHDWHGPLFHLQFRPSDULVRQZLWK3%6FRQWUROPLFH)LJXUH$
7KH KLVWRORJ\ RI OLYHU WLVVXHV UHYHDOHG LQFUHDVHG
KHPRUUKDJLF OHVLRQV LQ OLYHU DIWHU '*DO1 3RO\,& WUHDWPHQW
EXWOHVVRUQRPDUNHGOLYHULQMXU\LQ3RO\,&RUYHKLFOHFRQWURO
PLFH )LJXUH % 7KH P51$ H[SUHVVLRQ RI ,/ ZDV
VLJQLILFDQWO\ LQFUHDVHG  IROG LQ 3RO\,& WUHDWHG PLFH
FRPSDUHG WR FRQWURO PLFH KRZHYHU ,/ H[SUHVVLRQ ZDV
GRZQUHJXODWHGLQ'*DO13RO\,&WUHDWHGPLFHLQFRPSDULVRQ
ZLWK3RO\,&DORQH)LJXUH$5HJDUGLQJFHOOXODUVRXUFHVRI
,/ WKH OLYHU VLQXVRLGDO HQGRWKHOLDO FHOOV DQG YDVFXODU
HQGRWKHOLDO FHOOVH[SUHVVHG ,/FRQVWLWXWLYHO\ LQ3%6FRQWURO
PLFHOLYHUVDQGLQGXFHGH[SUHVVLRQLQWKHVHFHOOVZDVREVHUYHG
IROORZLQJ3RO\,&DQG'*DO13RO\,&WUHDWPHQW)LJXUH%
,QWHUHVWLQJO\ WKH QXFOHDU H[SUHVVLRQ RI ,/ ZDV IRXQG LQ
KHSDWRF\WHVRI3RO\,&WUHDWHGPLFHDUURZVLQLQVHUWLQGLFDWH
,/SRVLWLYHKHSDWRF\WHVEXWQRWLQ'*DO13RO\,&LQGXFHG
OLYHU LQMXU\ )LJXUH % 7KH QXPEHU RI ,/ H[SUHVVLQJ
KHSDWRF\WHV ZHUH FOHDUO\ DQG VLJQLILFDQWO\ LQFUHDVHG LQ
3RO\,& LQGXFHG DFXWH OLYHU LQMXU\ FRPSDUHG WR FRQWURO PLFH
)LJXUH & 7KHVH UHVXOWV VXJJHVW WKDW UHJXODWLRQ RI ,/ LQ
KHSDWRF\WHV LV DVVRFLDWHG ZLWK 3RO\,& LQGXFHG 7/5
VWLPXODWLRQLQOLYHU
3RO\,&LQGXFHGKHSDWLWLVXSUHJXODWHGSUR
LQIODPPDWRU\F\WRNLQHH[SUHVVLRQLQOLYHU
7KH LQIODPPDWRU\ F\WRNLQHV SOD\ DQ LPSRUWDQW UROH LQ
GHYHORSPHQWRI IXOPLQDQWKHSDWLWLV7KHUHIRUHZH LQYHVWLJDWHG
WKH SURLQIODPPDWRU\ F\WRNLQH H[SUHVVLRQ LQ 3RO\,& DQG '
*DO13RO\,& LQGXFHGDFXWHKHSDWLWLV7KH WUDQVFULSW OHYHORI
71)Į 75$,/ ,/ȕ DQG ,/ ZDV VLJQLILFDQWO\ XSUHJXODWHG
IROORZLQJ '*DO1 3RO\,& LQGXFHG DFXWH KHSDWLWLV K
FRPSDUHGWR'*DO1RU3%6FRQWUROPLFH)LJXUH+RZHYHU
WKHP51$H[SUHVVLRQRI,)1ȖDQG&;&/.&ZDVQRWYDULHG
EHWZHHQ 3RO\,& '*DO1 3RO\,& RU '*DO13%6 WUHDWHG
PLFH)LJXUH
1.FHOOVSUHGHSOHWLRQOHGWRVHYHUH'*DO13RO\,&
LQGXFHGDFXWHOLYHULQMXU\LQFUHDVHGSURLQIODPPDWRU\
F\WRNLQHVDQGGRZQUHJXODWHG,/H[SUHVVLRQLQ
KHSDWRF\WHV
1. FHOOV KDYH VKRZQ WR EH FUXFLDOO\ LPSRUWDQW LQ 3RO\,&
LQGXFHG OLYHU LQMXU\ >@ +HUH ZH VWXGLHG WKH HIIHFW RI
GHSOHWLRQ RI 1. FHOOV E\ DQWL$6*0 DQWLERG\ RQ '*DO1
3RO\,& LQGXFHG DFXWH KHSDWLWLV DQG H[SUHVVLRQ RI ,/ $V
H[SHFWHG WKH DQWL$6*0 SUHWUHDWPHQW HIILFLHQWO\ GHSOHWHG
1. FHOOV LQ OLYHU RI PLFH FRPSDUHG WR YHKLFOH FRQWURO RU
3RO\,&WUHDWHGPLFH)LJXUH$+RZHYHU1.FHOOVGHSOHWLRQ
OHGWRHQKDQFHG OLYHU LQMXU\DVHYDOXDWHGE\VHUXP$67$/7
LQ'*DO13RO\,&WUHDWHGPLFHWKDQ3RO\,&DORQHRUYHKLFOH
FRQWURO PLFH )LJXUH % $ PLOGHU LQFUHDVH LQ VHUXP
WUDQVDPLQDVHVZDVHYLGHQWEHWZHHQ'*DO13RO\,&DQG1.
GHSOHWHG'*DO13RO\,&WUHDWHGPLFH)LJXUH%
7KH P51$ H[SUHVVLRQ RI ,/ ZDV QRW YDULHG EHWZHHQ
FRQWURO QRQ 1. GHSOHWHG DQG 1. GHSOHWHG 3RO\,& RU '
*DO1 3RO\,& WUHDWHG PLFH DOWKRXJK WKH H[SUHVVLRQ RI ,/
ZDVGLPLQLVKHG LQ1.GHSOHWHG'*DO13RO\,&PLFH )LJXUH
%7KHOLYHUVLQXVRLGDOHQGRWKHOLDOFHOOV/6(&DQGYDVFXODU
HQGRWKHOLDO FHOOV 9(& H[SUHVVHG ,/ LQ 1. GHSOHWHG
3RO\,& RU '*DO1 3RO\,& WUHDWHG PLFH OLYHUV DQG
KHSDWRF\WHVSHFLILF ,/ H[SUHVVLRQ ZDV HYLGHQW RQO\ DIWHU
3RO\,& WUHDWPHQW )LJXUH& DUURZV LQGLFDWH ,/SRVLWLYH
KHSDWRF\WHV7KH1.GHSOHWLRQ OHG WRGHFUHDVH LQQXPEHURI
,/ H[SUHVVLQJ KHSDWRF\WHV LQ 3RO\,& WUHDWHG PLFH
FRPSDUHG WRQRQ1.GHSOHWHGPLFH )LJXUH'VXJJHVWLQJD
SDUWLDO1.FHOOVGHSHQGHQWUHJXODWLRQRI,/LQKHSDWRF\WHV
7KH SURLQIODPPDWRU\ F\WRNLQH H[SUHVVLRQ RI 71)Į ,/ȕ
DQG ,/ ZDV XSUHJXODWHG LQ 3RO\,& RU '*DO1 3RO\,&
WUHDWHG PLFH ZKHQ FRPSDUHG ZLWK FRQWURO PLFH S 
)LJXUH(1.FHOOGHSOHWLRQGLGQRWGHFUHDVHWKHH[SUHVVLRQ
OHYHO RI WKH LQIODPPDWRU\ F\WRNLQHV )LJXUH ( 7KH P51$
H[SUHVVLRQ RI ,)1Ȗ ZDV QRW VLJQLILFDQWO\ YDULHG DPRQJ WKH
WUHDWHG DQG FRQWURO JURXSV RI PLFH H[FHSW LQ 1.GHSOHWHG '
*DO1 3RO\,& WUHDWHG PLFH )LJXUH ( 7KH H[SUHVVLRQ RI
75$,/ZDVVLJQLILFDQWO\LQFUHDVHGLQERWK1.GHSOHWHGDQGQRQ
GHSOHWHG PLFH IROORZLQJ 3RO\,& RU '*DO1 3RO\,&
DGPLQLVWUDWLRQZKHQFRPSDUHGZLWKFRQWUROPLFHSEXW
VLJQLILFDQWO\ GHFUHDVH LQ 1. GHSOHWHG PLFH DIWHU '*DO1
3RO\,& WUHDWPHQW S  ZKHQ FRPSDUHG ZLWK '
*DO13RO\,& WUHDWHG PLFH )LJXUH ( 7KH H[SUHVVLRQ RI
&;&/RQO\LQFUHDVHGLQ1.GHSOHWHG'*DO13RO\,&WUHDWHG
PLFHZKHQFRPSDUHGWRFRQWUROPLFHS)LJXUH(WKDW
PD\ FRUUHODWH ZLWK GHYHORSPHQW RI LQIODPPDWRU\
PLFURHQYLURQPHQW LQ OLYHUDQGQHXWURSKLOPLJUDWLRQGXULQJ OLYHU
LQMXU\
0RXVH+HSDWLWLV9LUXVRU3RO\,&,QGXFH,/
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1.7FHOOVGHILFLHQF\SURWHFWHGPLFHDJDLQVW3RO\,&
LQGXFHGOLYHULQMXU\EXWXSUHJXODWHGKHSDWRF\WH
VSHFLILF,/H[SUHVVLRQ
7KH UROHRI1.7FHOOV LQ3RO\,&LQGXFHG OLYHU LQMXU\ LVQRW
ZHOO NQRZQ EXW ZH KDYH REVHUYHG D SDUWLDO GHFUHDVH LQ 1.7
FHOOVSHUFHQWDJHVLQDQWL$6*0WUHDWHGPLFH)LJXUH$:H
DLPHGWRYHULI\WKHLPSDFWRI1.7FHOOVGHILFLHQF\LQ3RO\,&
LQGXFHG OLYHU LQMXU\ DQG ,/ H[SUHVVLRQ LQ OLYHU LQ &'G .2
1.7 .2 PLFH :7 FRQWURO DQG 1.7 .2 PLFH VKRZHG
LQFUHDVHG OLYHU LQMXU\  WR  $67$/7 OHYHOV DIWHU '
*DO13RO\,&DGPLQLVWUDWLRQZLWKDPLOGHUKHSDWRSURWHFWLRQLQ
1.7.2PLFHSZKHQFRPSDUHGZLWK:7WUHDWHGPLFH
)LJXUH $ /LYHU KLVWRORJ\ UHYHDOHG KHPRUUKDJLF OHVLRQV LQ
OLYHUDIWHU'*DO13RO\,&WUHDWPHQW LQ1.7.2PLFHZLWKRXW
UHPDUNDEOH OLYHU LQMXU\ LQ 3RO\,& RU YHKLFOH FRQWURO 1.7 .2
PLFH )LJXUH % XSSHU SDQHO 7KH KHSDWRF\WHVSHFLILF ,/
H[SUHVVLRQZDVHYLGHQWLQ3RO\,&DGPLQLVWHUHG1.7.2PLFH
EXW QRW LQ '*DO1 3RO\,&WUHDWHG RU FRQWURO 1.7 .2 PLFH
)LJXUH % ORZHU SDQHO 7KH QXPEHU RI ,/ H[SUHVVLQJ
KHSDWRF\WHV VLJQLILFDQWO\ LQFUHDVHG LQ 3RO\,&DGPLQLVWHUHG
1.7.2PLFHFRPSDUHGWR:7FRQWUROVSEXWQRWLQ'
*DO1 3RO\,&WUHDWHG RU FRQWURO 1.7 .2 PLFH )LJXUH &
7KHVHUHVXOWVVXJJHVWHGWKDW1.7FHOOVKDYHDSURWHFWLYHHIIHFW
RQOLYHULQMXU\LQDVVRFLDWLRQZLWKLQFUHDVHGH[SUHVVLRQRI,/
LQKHSDWRF\WHVGXULQJ3RO\,&LQGXFHGOLYHULQMXU\
/0+9 LQGXFHG IXOPLQDQW KHSDWLWLV LQ PLFH ZDV
DVVRFLDWHGZLWKLQFUHDVHGH[SUHVVLRQRI,/LQOLYHU7KH
SDWKRJHQLFVWUDLQRIPRXVHKHSDWLWLVYLUXV /0+9 LQGXFHV
IXOPLQDQWKHSDWLWLVLQ&%/PLFH>@DQGPLPLFVDPRGHORI
IXOPLQDQW YLUDO KHSDWLWLV +%9 LQ KXPDQ :H LQYHVWLJDWHG WKH
)LJXUH/LYHULQMXU\DQG,/H[SUHVVLRQLQ'*DO13RO\,&'*DO13RO\,&WUHDWHGPLFH$/HYHOVRIVHUXP$67$/7
,8/DQGUHODWLYH IROGFKDQJH LQP51$H[SUHVVLRQRI ,/ LQ:7PLFH WUHDWHGZLWK3RO\,& JPRXVH LYDQGRU'*DO1
3RO\,&DWKRISRVW LQMHFWLRQ%6HFWLRQVRIPLFHOLYHUIROORZLQJ3%6'*DO13RO\,&DQG'*DO13RO\,&WUHDWPHQWZHUH
VWDLQHGZLWK+	( IRUKLVWRSDWKRORJ\ DUURZV LQGLFDWLQJKHPRUUKDJLF OHVLRQV LQ OLYHUDQG IRU LPPXQRORFDOLVDWLRQRI ,/E\XVLQJ
SULPDU\ DQWLERG\ JRDW ,J* DQWLPRXVH,/ DQG VHFRQGDU\ +53FRQMXJDWHG UDEELW DQWLJRDW DQWLERG\ ZLWK KHPDWR[\OLQ
FRXQWHUVWDLQLQJ EODFN DUURZV DQG UHG DUURZV LQGLFDWLQJ ,/ SRVLWLYH KHSDWRF\WHV DQG YDVFXODUVLQXVRLGDO HQGRWKHOLDO FHOOV
UHVSHFWLYHO\6FDOHEDUZDVP&&RPSDULVRQRIQXPEHURI,/H[SUHVVLQJKHSDWRF\WHVLQ3%6DQG3RO\,&WUHDWHGPLFH
DWK
GRLMRXUQDOSRQHJ
0RXVH+HSDWLWLV9LUXVRU3RO\,&,QGXFH,/
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H[SUHVVLRQDQG FHOOXODU VRXUFHVRI ,/ LQ/0+9 LQGXFHG
DFXWH KHSDWLWLV LQ &%/ PLFH 7KH NLQHWLFV RI /0+9
LQIHFWLRQ LQ PLFH H[KLELWHG LQFUHDVH LQ VHUXP $67$/7 OHYHOV
IROORZLQJDQGKRIYLUDO LQIHFWLRQZLWKVHYHUHDQG
SHDNOLYHULQMXU\DWKS)LJXUH$$FFRUGLQJO\WKH
OLYHU P51$ H[SUHVVLRQV RI ,)1ȕ DQG QXFOHRFDSVLG RI 0+9
WKDWVHUYHGDVPDUNHUVRIYLUDOLQIHFWLRQLQFUHDVHGVLJQLILFDQWO\
DWDQGKRISRVWLQIHFWLRQZLWKSHDNDWK)LJXUH
% ,QWHUHVWLQJO\ WKH P51$ H[SUHVVLRQ RI ,/ ZDV
VLJQLILFDQWO\XSUHJXODWHGIROORZLQJ/0+9LQIHFWLRQUHDFKLQJ
PD[LPXPDWKSRVWLQIHFWLRQS)LJXUH%
7KHKLVWRORJ\RI OLYHU WLVVXHVVKRZHG LPSRUWDQWSHULYDVFXODU
DQG SDUHQFK\PDO ]RQH RI OLYHU LQMXU\ DW K RI /0+9
LQIHFWLRQ FRPSDUHG WR YHKLFOH FRQWURO PLFH OLYHU DQG QR
DSSUHFLDEOH OLYHU LQMXU\ DW   DQG K WLPH SRLQWV )LJXUH
&7KHLPPXQRVWDLQLQJRI,/LQOLYHUVRI/0+9LQIHFWHG
PLFH UHYHDOHG LQGXFHG H[SUHVVLRQ RI ,/ LQ OLYHU VLQXVRLGDO
HQGRWKHOLDO FHOOV YDVFXODU HQGRWKHOLDO FHOOV DQG KHSDWRF\WHV
)LJXUH'7KHOLYHUVLQXVRLGDOHQGRWKHOLDOFHOOVDQGYDVFXODU
HQGRWKHOLDO FHOOV UHSUHVHQWHG LQGXFLEOH H[SUHVVLRQ RI ,/ DW
DQGKRI/0+9LQIHFWLRQFRPSDUHGWR
YHKLFOH FRQWURO PLFH )LJXUH ' +RZHYHU WKH NLQHWLFV RI
)LJXUH&\WRNLQHH[SUHVVLRQRI71)Į,/ȕ,/75$,/
&;&/ DQG ,)1Ȗ LQ '*DO1 3RO\,& '*DO1 3RO\,&
LQGXFHG KHSDWLWLV PLFH  5HODWLYH IROG FKDQJH LQ P51$
H[SUHVVLRQRI71)Į,/ȕ,/75$,/&;&/DQG,)1ȖLQ
OLYHUV RI 3RO\,&  JPRXVH LY DQGRU '*DO1 3RO\,&
WUHDWHG PLFH DW K RI SRVW LQMHFWLRQ 7KH 3%6WUHDWHG PLFH
VHUYHGDVDUHIHUHQFHIRUP51$H[SUHVVLRQ
GRLMRXUQDOSRQHJ
KHSDWRF\WHVSHFLILF ,/H[SUHVVLRQZDV VSHFLILFDOO\ IRXQGDW
DQGKRI/0+9LQGXFHGOLYHULQMXU\,QDFFRUGDQFH
WKH QXPEHU RI ,/ H[SUHVVLQJ KHSDWRF\WHV IROORZLQJ /
0+9 KHSDWLWLV LQFUHDVHG VLJQLILFDQWO\ DW   DQG K RI
LQIHFWLRQ)LJXUH(2XUGDWDVKRZHGWKDW,/H[SUHVVLRQLV
XSUHJXODWHG LQ OLYHU VLQXVRLGDO DQG YDVFXODU HQGRWKHOLDO FHOOV
DQGKHSDWRF\WHVGXULQJ/0+9LQGXFHGIXOPLQDQWKHSDWLWLV
0+9LQIHFWLRQLQPLFHXSUHJXODWHGSURLQIODPPDWRU\
F\WRNLQHH[SUHVVLRQLQOLYHU
7KH LQIODPPDWRU\ F\WRNLQHV SOD\ DQ LPSRUWDQW UROH LQ
GHYHORSPHQW RI IXOPLQDQW KHSDWLWLV 7KHUHIRUH ZH VWXGLHG WKH
H[SUHVVLRQ RI SURLQIODPPDWRU\ F\WRNLQH H[SUHVVLRQ LQ OLYHU
DIWHU/0+9LQIHFWLRQ7KHNLQHWLFVRI71)Į&;&/,)1Ȗ
DQG,/VKRZHGDVLPLODUWLPHGHSHQGHQWLQFUHDVLQJWUHQGZLWK
SHDNH[SUHVVLRQDWKRI/0+9LQIHFWLRQ)LJXUH$7KH
P51$H[SUHVVLRQRI,/ȕZDVQRWJUHDWO\LQFUHDVHGIROORZLQJ
/0+9 KHSDWLWLV FRPSDUHG WR FRQWURO PLFH )LJXUH $ $
VLJQLILFDQWFRUUHODWLRQEHWZHHQP51$H[SUHVVLRQRI ,/DQG
71)Į&;&/DQG,/ZDVHYLGHQWEXWQRWZLWK,/ȕRU,)1Ȗ
)LJXUH % +HQFH WKH HOHYDWHG SURLQIODPPDWRU\ F\WRNLQH
PLFURHQYLURQPHQW LV LPSRUWDQW IRU GHYHORSPHQW RI /0+9
LQGXFHGDFXWHKHSDWLWLVLQPLFH
'LVFXVVLRQ
7KH RYHUH[SUHVVLRQ RI ,/ DQG 67 LV DVVRFLDWHG ZLWK
DFXWHDQGFKURQLFOLYHUGLVHDVHVLQPLFHDQGKXPDQ,/DQG
V67KDYHVKRZQ WREHXSUHJXODWHG LQDFXWHRQFKURQLFDQG
FKURQLF KHSDWLF IDLOXUH >@ DQG LQ FKURQLF +%9 DQG +&9
LQIHFWLRQVLQKXPDQ>@7KHFHOOXODUVRXUFHVRI,/LQ
YLUDO IXOPLQDQW KHSDWLWLV DUH QRW ZHOO NQRZQ $FFRUGLQJO\ WKH
PXULQH IXOPLQDQW KHSDWLF PRGHOV RI 7/5 DJRQLVW 3RO\,&
DQGSDWKRJHQLFPRXVHKHSDWLWLVYLUXV /0+9DUH UHOHYDQW
DFXWHYLUDOKHSDWLFPRGHOVLQKXPDQ7KXVZHDLPHGWRNQRZ
WKH H[SUHVVLRQ DQG UHJXODWLRQ RI ,/ LQ 3RO\,& DQG /
0+9LQGXFHGKHSDWLWLVLQPLFH7KH3RO\,&DGPLQLVWUDWLRQLQ
PLFH LQGXFHG PRGHUDWH KHSDWLF LQMXU\ ZKLOH FRDGPLQLVWUDWLRQ
RI'*DO1DQG3RO\,& OHG WRYHU\VHYHUH IXOPLQDQWKHSDWLWLV
LQPLFH7KHOLYHULQMXU\LQGXFHGE\'*DO13RO\,&WUHDWPHQW
ZDVDVVRFLDWHGZLWKKHPRUUKDJLF OHVLRQV LQ OLYHUDQGHOHYDWHG
SURLQIODPPDWRU\F\WRNLQHVDV UHSRUWHGHDUOLHU >@7KH
XQGHUO\LQJ PHFKDQLVP RI 3RO\,&LQGXFHG OLYHU LQMXU\ LV
PHGLDWHGE\DFWLYDWLRQRI.XSSIHUFHOOVDQG1.FHOOVLQD7/5
GHSHQGHQW SDWKZD\ >@ LQ DVVRFLDWLRQ ZLWK LQFUHDVHG
LQIODPPDWRU\ F\WRNLQHV ,QGXFLEOH H[SUHVVLRQ RI ,/ ZDV
IRXQG LQ OLYHU VLQXVRLGDO HQGRWKHOLDO FHOOV DQG YDVFXODU
HQGRWKHOLDO FHOOV IROORZLQJ 3RO\,& DQG '*DO1 3RO\,&
WUHDWPHQW+RZHYHUKHSDWRF\WHVSHFLILF ,/H[SUHVVLRQZDV
RQO\HYLGHQWLQ3RO\,&WUHDWHGPLFHZLWKLQFUHDVHGQXPEHURI
,/H[SUHVVLQJKHSDWRF\WHVFRPSDUHGWRFRQWUROPLFH,WPD\
EH SODXVLEOH WKDW KHSDWRF\WH VSHFLILF LQKLELWLRQ RI WUDQVFULSWLRQ
E\ '*DO1 SUHYHQWHG KHSDWRF\WHVSHFLILF ,/ H[SUHVVLRQ DW
WUDQVFULSW DQG SURWHLQ OHYHO IROORZLQJ '*DO1 3RO\,&
WUHDWPHQW +RZHYHU LQQDWH LPPXQH VWLPXODWLRQ E\ WKH 7/5
DJRQLVWDORQHFDQLQGXFH,/H[SUHVVLRQLQOLYHUHVSHFLDOO\LQ
KHSDWRF\WHV7KHUHJXODWLRQRI,/E\7/5YLUDODQGEDFWHULDO
OLJDQGV KDYH EHHQ GHPRQVWUDWHG LQ KXPDQ FRUQHDO HSLWKHOLDO
0RXVH+HSDWLWLV9LUXVRU3RO\,&,QGXFH,/
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FHOOVDQGILEUREODVWV>@DVZHOODVLQPXULQHPDFURSKDJHV
>@ 7KH ,/ ZDV XSUHJXODWHG E\ 3RO\,& VWLPXODWLRQ LQ
PXULQH PDFURSKDJHV DQG LWV WUDQVFULSWLRQDO UHJXODWLRQ ZDV
GHSHQGHQWRI WZR WUDQVFULSWLRQ IDFWRUV ,)1 UHJXODWRU\ IDFWRU
,5) DQG &5(% >@ +HUH ZH DGG 7/5 PHGLDWHG
H[SUHVVLRQRI,/LQOLYHUVLQXVRLGDOHQGRWKHOLDOFHOOVYDVFXODU
HQGRWKHOLDOFHOOVDQGKHSDWRF\WHVLQDFXWHKHSDWLWLVLQPLFHLQD
SDWKRSK\VLRORJLFDO FRQWH[W ,Q DGGLWLRQ 7/5 H[SUHVVLRQ LV
DOVR UDSLGO\ LQFUHDVHG LQ OLYHU IURP /0+9 LQIHFWHG PLFH
UHVXOWVQRWVKRZQ
:KLOH LQDYLUDOPXULQHPRGHO ,/KDVEHHQVKRZQ WREH
H[SUHVVHGE\UDGLRUHVLVWDQWFHOOVRIWKHVSOHHQLF7FHOO]RQHLQ
O\PSKRF\WLF FKRULRPHQLQJLWLV YLUXV /&09 LQIHFWLRQ >@ WKH
DERYHGDWDSURPSWHGXVWRFRPSDUHWKH,/H[SUHVVLRQLQD
QDWXUDOYLUDO LQIHFWLRQ LQ OLYHU LQXVLQJWKHVHURW\SHRIPRXVH
KHSDWLWLV YLUDO LQIHFWLRQ 0+9 PRGHO >@ :H GHPRQVWUDWHG
WKH FHOOXODU H[SUHVVLRQ RI ,/ LQ VLQXVRLGDO DQG YDVFXODU
HQGRWKHOLDO FHOOV DQG KHSDWRF\WHV DW YDULRXV WLPHV RI WKH
IXOPLQDQW YLUDO KHSDWLWLV LQGXFHG E\ /0+9 7KH /0+9
LQGXFHGOLYHULQMXU\ZDVDVVRFLDWHGZLWKVLJQLILFDQWLQFUHDVHVLQ
VHUXP WUDQVDPLQDVHV $/$7$6$7 YLUDO QXFOHRFDSVLG ,)1ȕ
DQGSURLQIODPPDWRU\F\WRNLQHDQGFKLPLRNLQHH[SUHVVLRQ7KH
LQFUHDVHG &;&/ GXULQJ 0+9 LQGXFHG DFXWH KHSDWLWLV PD\
OHDG WR FKHPRWD[LVLQILOWUDWLRQ RI QHXWURSKLOV DV DQ HDUO\
UHVSRQVH WR OLYHU LQIHFWLRQ DQG GHYHORSPHQW RI LQIODPPDWRU\
PLFURHQYLURQPHQW 7KH PHFKDQLVP RI 0+9LQGXFHG OLYHU
LQMXU\KDYHVKRZQWREHGHSHQGHQWRQDFWLYDWLRQRIWDUJHWFHOOV
RI YLUXV OLNH .XSIIHU FHOOV 1. FHOOV KHSDWRF\WHV VLQXVRLGDO
HQGRWKHOLDO DQG YDVFXODU HQGRWKHOLDO FHOOV >@ +HUH ZH
KDYH VKRZQ WKDW P51$ H[SUHVVLRQ RI ,/ ZDV RYHU
H[SUHVVHG DIWHU /0+9LQGXFHG KHSDWLWLV LQ PLFH 7KH
WUDQVFULSW OHYHO RI ,/ ZDV KLJKO\ LQFUHDVHG LQ /0+9
)LJXUH/LYHULQMXU\DQGF\WRNLQHH[SUHVVLRQRI71)Į,/ȕ,/75$,/&;&/,)1ȖDQG,/LQQRQ1.GHSOHWHGDQG
1. GHSOHWHG '*DO1 3RO\,& '*DO1 3RO\,& WUHDWHG PLFH  $ 3UHGHSOHWLRQ K EHIRUH RI 1. FHOOV E\ DQWL$6*0
DQWLERG\LQPLFHDQGFRQILUPDWLRQRI1.FHOOVSHUFHQWDJHE\IORZF\WRPHWU\DQDO\VLV&'),7&DQG1.3(PDUNHUVLQ9HKLFOH
FRQWURO3RO\,&1.GHSOHWHGSRO\,&DQG1.GHSOHWHG'*DO13RO\,&WUHDWHGPLFH %/HYHOVRIVHUXP$67$/7 ,8/
DQGUHODWLYHIROGFKDQJHLQP51$H[SUHVVLRQRI,/LQ1.GHSOHWHGRUQRWZLWK3RO\,&JPRXVHLYRU'*DO13RO\,&
WUHDWHGPLFHDWKRISRVWLQMHFWLRQ&,PPXQRVWDLQLQJRI,/LQOLYHUVRI1.GHSOHWHGRUQRWZLWK3RO\,&JPRXVHLYRU
'*DO13RO\,&WUHDWHGPLFHDWKRISRVWLQMHFWLRQ'&RPSDULVRQRIQXPEHURI,/H[SUHVVLQJKHSDWRF\WHVLQ3%6RU9HKLFOH
3RO\,&WUHDWHG DQG 1.GHSOHWHG 3RO\,&WUHDWHG PLFH ( 5HODWLYH IROG FKDQJH LQ P51$ H[SUHVVLRQ RI 71)Į ,/ȕ ,/
75$,/&;&/DQG ,)1Ȗ LQ OLYHUVRI1.GHSOHWHGRUQRWZLWK3RO\,& JPRXVH LYDQGRU'*DO13RO\,& WUHDWHGPLFH
&%ODWKRISRVWLQMHFWLRQ
GRLMRXUQDOSRQHJ
0RXVH+HSDWLWLV9LUXVRU3RO\,&,QGXFH,/
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LQGXFHG KHSDWLWLV WKDQ 3RO\,& WUHDWHG PLFH GHPRQVWUDWLQJ D
GLIIHUHQFHEHWZHHQ7/5DJRQLVWDQGQDWXUDOYLUXVLQIHFWLRQLQ
OLYHU7/5H[SUHVVLRQLVDOVRUDSLGO\LQFUHDVHGLQOLYHUIURP/
0+9 LQIHFWHG PLFH UHVXOWV QRW VKRZQ VXJJHVWLQJ WKDW
DQRWKHU IDFWRU PD\ EH DOVR LQYROYHG LQ WKH LQFUHDVH RI ,/
7KH KHSDWRF\WHVSHFLILF H[SUHVVLRQ RI ,/ LQ KHSDWRF\WHV
ZDVDVVRFLDWHGZLWKEHJLQQLQJRI/0+9LQGXFHGOLYHULQMXU\
DQGKDQGWKHLQGXFLEOHH[SUHVVLRQRI,/LQ OLYHU
VLQXVRLGDOHQGRWKHOLDO FHOOVDQGYDVFXODUHQGRWKHOLDO FHOOVZDV
VXVWDLQHGGXULQJWKHZKROHLQIHFWLRQSHULRGWRK
:H QH[W VWXGLHG WKH UROH RI 1. DQG 1.7 FHOOV LQ 3RO\,&
LQGXFHG,/H[SUHVVLRQLQOLYHU7KHGHSOHWLRQRI1.FHOOVE\
DQWL$*60 DQWLERG\ LQ PLFH GLG QRW LQKLELW LQFUHDVHG OLYHU
LQMXU\LQ'*DO1VHQVLWL]HG3RO\,&WUHDWHGPLFHDQGKDGDQ\
HIIHFW LQ 3RO\,& DORQH DGPLQLVWUDWLRQ 7KHVH UHVXOWV DUH
)LJXUH/LYHULQMXU\DQG,/H[SUHVVLRQLQ:7DQG1.7
&'G .2 PLFH IROORZLQJ 3RO\,& DQG '*DO1 3RO\,&
WUHDWPHQW  $ /HYHOV RI VHUXP $67$/7 ,8/ LQ :7 DQG
&'G .2 PLFH IROORZLQJ 3%6 3RO\,&  JPRXVH LY
DQGRU '*DO1 3RO\,& WUHDWPHQW DW K RI SRVW LQMHFWLRQ %
/LYHUKLVWRORJ\+DQG(DQGLPPXQRVWDLQLQJRI,/LQOLYHUV
RI &'G .2 PLFH WUHDWHG ZLWK 3%6 3RO\,& DQGRU '*DO1
3RO\,& & &RPSDULVRQ RI QXPEHU RI ,/ H[SUHVVLQJ
KHSDWRF\WHVLQ:7DQG&'G.2PLFHIROORZLQJ3%63RO\,&
DQGRU'*DO13RO\,&WUHDWPHQWDWKRISRVWLQMHFWLRQ
GRLMRXUQDOSRQHJ
FRQWUDU\ WRHDUOLHU ILQGLQJVZKLFKVKRZHG WKDWSUHGHSOHWLRQRI
1.FHOOVSURWHFWHGPLFHDJDLQVW'*DO13RO\,&LQGXFHGOLYHU
LQMXU\ >@ 7KH GLIIHUHQFH VHHPHG WR EH UHODWHG ZLWK NLQHWLFV
DQG GRVH RI '*DO1 3RO\,& XVHG LQ WKHVH VWXGLHV 7KH
VLJQLILFDQW LQFUHDVHLQ&;&/H[SUHVVLRQ LQ1.GHSOHWHGPLFH
PD\H[SODLQWKHLQWHUSOD\RILPPXQHFHOOVPLJUDWLRQLQOLYHULH
GHSOHWLRQRIRQHLPPXQHFHOOSRSXODWLRQUHODWLYHO\FRPSHQVDWH
WKHRWKHULPPXQHFHOOSRSXODWLRQ7KHPDMRUVRXUFHVRI&;&/
)LJXUH   /LYHU LQMXU\ DQG ,/ H[SUHVVLRQ LQ /0+9
LQGXFHG IXOPLQDQW KHSDWLWLV LQ PLFH  $ /HYHOV RI VHUXP
$67$/7,8/ LQPLFHLQIHFWHGZLWK/0+97&,'
RU YHKLFOH DW     DQG K RI SRVW LQIHFWLRQ %
5HODWLYHIROGFKDQJHLQNLQHWLFVRIP51$H[SUHVVLRQRI,)1ȕ
QXFOHRFDSVLGRI0+9DQG,/LQOLYHUVRI/0+9LQGXFHG
KHSDWLWLV & 6HFWLRQV RI PLFH OLYHU IROORZLQJ YHKLFOH RU /
0+9LQIHFWLRQDQGKZHUHVWDLQHGZLWK+	(IRU
KLVWRSDWKRORJ\ DUURZV LQGLFDWLQJ ]RQH RI OLYHU LQMXU\ '
,PPXQRORFDOLVDWLRQ RI ,/ LQ OLYHUV RI /0+9 IXOPLQDQW
KHSDWLFWLVVXHVE\XVLQJSULPDU\DQWLERG\JRDW,J*DQWLPRXVH
,/DQGVHFRQGDU\+53FRQMXJDWHGUDEELWDQWLJRDWDQWLERG\
ZLWKKHPDWR[\OLQFRXQWHUVWDLQLQJEODFNDUURZVDQGUHGDUURZV
LQGLFDWLQJ ,/ SRVLWLYH KHSDWRF\WHV DQG YDVFXODUVLQXVRLGDO
HQGRWKHOLDO FHOOV UHVSHFWLYHO\ 6FDOH EDU ZDV  P (
&RPSDULVRQ RI QXPEHU RI ,/ H[SUHVVLQJ KHSDWRF\WHV LQ
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